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Overview

Purpose: To demonstrate the utility of FAIMS for removing
chemical interferences and for improving signal-to-noise
ratios (S/N) in the chromatographic analysis of a parent
drug (Loperamide) and its metabolites.

Methods: Reversed phase chromatography coupled with
FAIMS separation and Data Dependent™ tandem mass
spectral analysis was used to analyze a 5 µM microsome
incubation of Loperamide.

Results: Addition of FAIMS to the LC-MSn analysis of a
5 µM microsome incubation of Loperamide resulted in an
improvement of between 2X and 4X in the signal-to-noise
ratios for the parent drug and its metabolites.

Introduction

Identification and quantification of in vitro and in vivo
metabolic products is a routine analytical procedure in
the pharmaceutical industry. The presence of low levels of
toxic metabolites must be determined in the drug discovery
process to avoid costly development of ill-fated lead
candidates. High throughput screening of pharmacokinetic
products of larger libraries of samples in early phase dis-
covery is becoming standard; combining these two assays
helps to further increase throughput and reduce costs. 

Various methods are currently employed to carry out
these studies, many of which include liquid chromato-
graphic separation followed by varying numbers of stages
of mass spectrometry. Recently, the chromatographic time
scale has been compressed with the development of ultra
high performance liquid chromatography (U-HPLC)
utilizing smaller diameter (e.g. 1.9 µm) particle columns
operating at pressures in excess of 5,000 psi allowing for
higher throughput. Most recently, high-Field Asymmetric
Waveform Ion Mobility Spectrometry (FAIMS) has been
used for rapid analysis of samples with little or no
cleanup, and with or without chromatographic separation.

FAIMS separation is based on a difference in ion
mobility in the presence of high RF fields vs. low RF fields.
An asymmetric RF waveform comprising both a high-field
(red) and a low-field (blue) component is applied to one
FAIMS electrode. During the high field pulse the ions
move with mobility µH along the axis perpendicular to
the ion axis; during the low field pulse the ions move with
mobility µL. The difference in mobilities results in a net
motion toward one of the electrodes. This net motion can
be compensated by a supplemental DC voltage called the
Compensation Voltage (CV).

Ion mobility is related to shape, charge, size and other
mass-independent properties of molecules so FAIMS can
be used to separate ions of the same nominal mass-to-
charge (m/z) ratio but differing structures.

There are numerous advantages of FAIMS in chemical
analysis. FAIMS transmits only dry ions so solvent clusters
are almost completely removed from full scan mass
spectra. Chemical interferences of dissimilar charge but
like mass-to-charge ratio, such as peptides and small
molecules, may be separated. Finally, molecules of like
charge and mass, such as a drug and dosing vehicle or
endogenous interferences may be separated.

In this study we compare the extracted ion chro-
matogram signal-to-noise ratios obtained by standard
LC-MSn techniques with those obtained using FAIMS in
combination with standard LC-MSn for a parent drug,
Loperamide, and its five metabolites.

Methods

Sample Preparation: A 5 µM incubation of Loperamide
in microsomes was prepared. Two time points were
collected: t=0 and t=15 min.

Chromatography: 3 µL of the t=15 min. time point were
injected using a Thermo Scientific Accela Autosampler
onto a 1.9 µm Thermo Scientific Hypersil GOLD column.
Sample was loaded onto the column at 95% aqueous.
A ballistic gradient (25% – 75% ACN @10%/min)
flowing at 200 µL/min (delivered by a Thermo Scientific
Accela Pump) was used to achieve reversed phase
chromatographic separation.
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Figure 1: Diagram of high-Field Asymmetric Waveform Ion Mobility
Spectrometry (FAIMS)



Mass Spectrometry: All mass spectral data were collected
using a Thermo Scientific LXQ linear ion trap operated
in positive ion heated ESI mode. Two experimental tracks
were followed:

Track I: Ion Max™

Chromatographic eluent is ionized using a heated
electrospray probe and then immediately analyzed
by mass spectrometry following the scan sequence
outlined in Figure 2, left.

Track II: FAIMS
Chromatographic eluent is ionized using a heated
electrospray probe and then passed through the
FAIMS device switching between two CV values.
Mass spectral data are acquired following the scan
sequence in Figure 2, right.

Results

Track I: Ion Max
Source and chromatographic conditions were adjusted
to give optimal S/N for the majority of ion of interest.
Full scan MS and Data-Dependent MS/MS spectra were
collected according to the diagram in Figure 2, (Track I).
Results of these experiments are displayed in Figure 4a.
In the left most panel of Figure 4a are the extracted full
scan ion chromatograms for the parent drug and the
metabolites M1– M5. The middle panel shows the full
scan mass spectrum. The corresponding MS2 spectra are
displayed in the right hand panel.

Track II: FAIMS
The experimental sequence described above for Track I:
Ion Max was replicated in the Track II sequence except
that an atmospheric pressure FAIMS device was inserted
between the ionization source and the mass spectrometer.
Data acquisition proceeded according to the right hand
side (Track II) of the diagram in Figure 2 after determi-
nation of the best values for the compensation voltages
CV1and CV2 as follows:

Determination of CV: The best compensation voltages
are determined by scanning the CV space between –40V
and +10V while infusing over approximately 1.5 minutes.
The resulting CV-gram is shown in Figure 3. Loperamide,
M1, M2, and M3 are transmitted optimally at a CV of
–13.6V; for M4 and M5 the best CV is –16.7V.

Track II: FAIMS
Results of this experiment are displayed in Figure 4b.
In the left most panel of Figure 4b are the extracted ion
chromatograms at the appropriate CV for the parent drug
and M1– M5. The middle panel shows the full scan mass
spectrum. The corresponding MS2 spectra are displayed
in the right hand panel.

Comparison of Results for Track I and Track II
The base peak chromatograms for Ion Max and for
FAIMS are shown in the top, left panels of Figures 4a
and 4b. First, we note that the chromatographic baseline
is reduced by at minimum a factor of and, second, that
two additional peaks are revealed in the Track II: FAIMS
base peak that are not detected in the Track I: Ion Max
base peak. Also, the averaged full scan spectrum when
no analytes are eluting is lower by more than an order
of magnitude when FAIMS is used. But, more surprisingly,
it is apparent that the extracted ion chromatograms on the
lower left panels of Figure 4b are less affected by chemical
noise at the mass-to-charge ratio of the drug or metabolite
than those in Figure 4a. 

Although no late eluting metabolites are observed in
this experiment, we can postulate that those might benefit
most by the addition of FAIMS based on the increase in
background observed later in the chromatographic sepa-
ration. Even at times where very hydrophilic metabolites
elute we observe improved signal-to-noise; supporting
evidence of the decreased chemical noise when FAIMS
is used is found in the full scan spectra (center panels of
Figure 4a and 4b). There is a significant contribution to
the ion population from background ions at m/z lower
than 300. Again, had there been metabolites within this
mass range it is postulated that these would benefit much
from the employment of FAIMS. Full scan tandem mass
spectral data are known to be affected less by chemical
interferences than the corresponding full scan data which
can be deduced on inspection of the right hand panel
of Figures 4a and 4b.

A compilation of the signal-to-noise ratios for full
scan extracted ion chromatogram (XIC) peak areas for
each metabolite M1– M5 and the parent drug using Ion
Max and FAIMS is presented in Table 1. S/N ratios
calculated from extracted ion chromatogram (XICs)
should not be affected by the observed low mass chemical
noise. Still, we note that S/N ratios are higher for FAIMS
than Ion Max since there is typically a small but
measurable amount of chemical noise at any m/z of
interest. In the case of Loperamide and its metabolites,
implementation of FAIMS in the standard LC-MSn

analysis results in improvement of peak area S/N ratios
by as much as a factor of four.

Finally, but most notably, FAIMS reveals a second
hydroxylated metabolite, M2*, which was undetected
in the Track I (standard Ion Max) experiments. Without
FAIMS, full scan chemical noise at the mass-to-charge
of interest makes peak assignment impossible for this
low level metabolite.

Liquid
Chromatography

Heated Electrospray
Ionization

Full Scan MS

Data Dependent
MS2 of Most
Intense Ion

I

II

FAIMS
Separation

Full Scan MS
at CV1

dd-MS2 of
Most Intense

Ion at CV1

Full Scan MS
at CV2

dd-MS2 of 
Most Intense

Ion at CV2

Figure 2: Experimental method for Track I (Ion Max) and Track II (FAIMS)
mass spectral approaches.
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Figure 3: CV scan between –40V and +10V for direct infusion of a 5 µM incubation of Loperamide and its metabolites
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Figure 4a: Base peak and extracted ion chromatograms, full scan mass spectra and Data-Dependent MS/MS spectra for Ion Max LC-MSn experiments.

2.1,1.782,15340, 91M1: 479.2  –CH3,+OH

Compound

2.110752M5: 441.2 –OH,–6H,–CH3

3.68624M4: 455.1 –OH,–6H

4.447351069M3: 463.1 –CH3

,  1.818, 201-- ,112M2: 493.2 +OH

3.22460769Parent: 477.2

Ratio
FAIMS

S/N
Ion Max 
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Table 1: Compilation of analytical results
for Ion Max and FAIMS for a 3 µL injection
on column of a 5 µM microsome incubation
of Loperamide at t=15min.
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Conclusions

High-Field Asymmetric-waveform Ion Mobility Spec-
trometry (FAIMS) has been implemented in the LC Data-
Dependent full scan MS/MS analysis of Loperamide and
its microsome metabolites. 

FAIMS provides an orthogonal separation based on
shape, size, charge and can be used to dramatically reduce
chemical noise due, for example, to solvent clusters, dosing
vehicles, or endogenous matrix.

In these studies we observe significant reduction in full
scan MS chemical noise. In addition, implementation of
FAIMS in this analysis resulted in a significant improvement
in the XIC peak area S/N ratios for all mass-to-charge
ratios examined.
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Figure 4b: Base peak and extracted ion chromatograms, full scan mass spectra and Data-Dependent MS/MS spectra for FAIMS-enabled LC-MSn experiments.

Most notably, the implementation of FAIMS in
the LC Data-Dependent full scan MS/MS analysis of
Loperamide and its microsome metabolites revealed a
second hydroxylated metabolite which was not found
with the ion max alone. This additional metabolite was
detected in the base peak chromatogram and subsequently
identified due to the significant reduction in chemical
noise in the full scan mass spectral data provided by
the FAIMS interface. 
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